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Abstract 
This research presents a quantitative method to assess resilience at the state level. The approach introduced in this work is an 
evolution of the risk assessment concept. Risk is mainly a function of vulnerability, hazard, and exposure; on the other hand, 
resilience focuses more on the internal characteristics of a system rather than its vulnerability. To tackle this difference, a new 
formulation has been introduced for the evaluation of resilience. In this formulation, resilience is a function of hazard, exposure, 
and intrinsic resilience. Generally, intrinsic resilience deals with the internal characteristics of a system, and it differs from the 
traditional resilience index that takes into account external factors in its assessment, such as the disaster intensity and the level of 
exposure. The paper also provides a method to compute the intrinsic resilience of countries. This method is based on the data 
provided by Hyogo Framework for Action (HFA), which is a work developed by the United Nations (UN). HFA evaluates the 
inherent resilience of countries based on a number of equally weighted indicators. However, further analysis has shown that the 
contribution made by each of those indicators toward the intrinsic resilience is different. This discrepancy has necessitated 
weighting the indicators based on their individual contribution towards the intrinsic resilience. To do that, we introduce the 
Dependence Tree Analysis (DTA). DTA is a method that determines the correlation between a component and its sub-
components (i.e., between intrinsic resilience and its indicators), enabling us to orderly allocate new weights to the indicators to 
obtain a more representative output for the intrinsic resilience. Finally, a case study composed of 37 states has been conducted in 
order to illustrate the methodology in all details. Both intrinsic resilience and resilience indexes for each of the states were 
assessed. This was followed by a comparative analysis in order to test the applicability of the methodology, and the results were 
in line with the predictions. 
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1. Introduction 
Over the years, community resilience has attracted tremendous attention due to the increasing number of natural 
and man-made disasters. The concept of resilience is multi-dimensional, and therefore involves various subjects of 
different disciplines [1]. In engineering, resilience is the ability to “withstand stress, survive, adapt, and bounce back 
from a crisis or disaster and rapidly move on” [2]. The term resilience is defined by Bruneau et al. as “the ability of 
social units (e.g. organizations, communities) to mitigate hazards, contain the effects of disasters when they occur, 
and carry out recovery activities in ways to minimize social disruption and mitigate the effectors of further 
earthquakes” [3]. In their own part, Allenby & Fink defined resilience as “the capability of a system to stay in a 
functional state and to degrade gracefully in the face of internal and external changes” [4]. The concept of resilience 
has only recently been applicable to the engineering field, which makes it hard to determine a general accepted 
definition for resilience engineering [5]. 
 
The absence of a concise and methodical approach makes it extremely difficult to evaluate resilience. The 
immense progress in the Hyogo Framework for Action (HFA) — a work developed by the United Nations — has led 
to the formulation of an international blueprint that is very useful in building the intrinsic resilience of nations and 
communities. The methodology adopted by the HFA focuses on implementing detailed measures at the 
governmental and policy levels. The goal was to encourage the countries to implement the HFA in their respective 
laws. The lifespan for the implementation was from 2005 to 2015, after which each of the participating countries 
were required to submit a report on their own progress. A score was then given by the UN to each of the submitted 
reports on the basis of the progress each country had made.  
 
One of the many topics discussed when referring to resilience is its relationship with vulnerability and whether 
they are similar enough to be considered the same. Although vulnerability is strongly linked to the concept of risk 
assessment [6], Richard et al. pointed out that the concept of vulnerability had long been associated with resilience 
under various scientific disciplines [7]. Cardon et al. [8] identified vulnerability as the lack of capacity. Under this 
context, the vulnerability is reduced by increasing the system’s capacity. Moreover, Klein et al. [9] indicated that 
some literary publications provide the same definitions for resilience and vulnerability, while Gallopin [10] 
identified some instances where scholars had different views for the two concepts, admitting that they may overlap 
in some areas. Table 1 shows a comparison between vulnerability and resilience on different scales. The contrast 
suggests that resilience is more concerned with the human capacity to recover from a disaster within a short time and 
with no outside assistance, while vulnerability is the property of resisting the stress caused by a natural hazard. 
Table 1. Difference between vulnerability and resilience at different levels [11]. 
Vulnerability Resilience 
Resistance  Recovery 
Force bound Time bound 
Safety  Bounce back 
Mitigation  Adaptation 
Institutional  Community-based 
System  Network 
Engineering Culture 
Risk assessment  
Vulnerability and capacity 
analysis 
Outcome  Process 
Standards  Institution 
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In this paper, we are proposing an analytic formulation to assess the resilience of communities. The notion 
resembles the risk evaluation method in many ways. While risk is the combination of vulnerability (V ), hazard ( H
), and exposure ( E ), resilience focuses more on the intrinsic characteristics of a system rather than its vulnerability. 
To tackle this difference, a new formulation for evaluating resilience has been introduced. In that formulation, 
resilience is a function of intrinsic resilience, hazard, and exposure (Fig. 1). The difference between intrinsic 
resilience and resilience is that the former deals with the internal characteristics of a system while the latter takes 
into account external factors in its assessment, such as the disaster intensity and the level of exposure. In this work, 
resilience’s first parameter (exposure) is obtained from the World Risk Report (WRR), while the second parameter 
(hazard) is obtained from past data on disasters. As for the third parameter (intrinsic resilience), we are presenting a 
new method based on the data provided by the Hyogo Framework for Action. HFA estimates the intrinsic resilience 
of nations based on equally weighted indicators. However, it has been found that the contribution made by each of 
those indicators toward the intrinsic resilience is not equal. Therefore, it is important to realize the indictors 
according to their actual contribution towards intrinsic resilience. To do that, we introduce the Dependence Tree 
Analysis (DTA) [12]. DTA is a method that determines the correlation between a component and its sub-
components (i.e., between the intrinsic resilience and its indicators), assigning weights to the sub-components 
accordingly. This leads to generating modified intrinsic resilience outputs for the countries. The modified outputs 
are subsequently used in the assessment of resilience (by combining it with exposure and hazard). To exemplify this, 
a complete case study composed of 37 states is presented in this paper, where the intrinsic resilience ( iR ) and the 
resilience ( R ) indexes of each state are computed. 
 
 
Fig. 1. The difference between the concepts of risk and resilience. 
1.1. Hyogo framework for action (HFA) 
Hyogo Framework for Action (HFA) was originally conceptualized in Kobe, Japan. It was eventually adopted as 
a global blueprint for minimizing risk associated with natural hazards by implementing national laws regarding risk 
management and control [13]. HFA is the product of a long initiative by an affiliate within the United Nations 
known as the International Strategy of Disaster Reduction (ISDR) [14]. The International Strategy of Disaster 
Reduction (ISDR) was developed as the result of the experience gained in the International Decade for Natural 
Disaster Reduction (1990-1999). 
 
The aim of HFA was to boost awareness on disaster risk and to guide committed states in executing a master plan 
to avert the loss of lives and the economic impact caused by natural hazards. The HFA consists of five priorities for 
action. Each priority is satisfied with a number of indicators, with a total of 22 indicators for all five priorities (Table 
2). The major role of the five priorities of HFA is to identify the specific sectors that every country should focus on 
to endorse disaster resilience. The indicators are assessed by answering a set of questions. Table 3 shows the sort of 
questions that are asked by the UN in order to assess a certain indicator. The answers can be either ‘YES/NO’ or 
‘description text’. The progress recorded by every government is computed on the basis of a five-point scale for 
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each of the indicators, where ‘one point’ indicates weak progress and poor signs of planning and actions, while ‘five 
points’ implies a great endeavor and commitment in that specific area [15].  
Table 2. Priorities and indicators used in the assessment of Hyogo Framework for Action [16]. 
PRIORITY 1:  
Ensure that disaster risk reduction (DRR) is a national and a local priority with a strong institutional basis for implementation 
I 1 National policy and legal framework for disaster risk reduction exists with decentralized responsibilities and capacities at all levels. 
I 2 Dedicated and adequate resources are available to implement disaster risk reduction plans and activities at all administrative levels 
I 3 Community Participation and decentralization is ensured through the delegation of authority and resources to local levels 
I 4 A national multi sectoral platform for disaster risk reduction is functioning. 
 
PRIORITY 2:  
Identify, assess and monitor disaster risks and enhance early warning 
I 5 National and local risk assessments based on hazard data and vulnerability information are available and include risk assessments for key 
sectors. 
I 6 Systems are in place to monitor, archive and disseminate data on key hazards and vulnerabilities 
I 7 Early warning systems are in place for all major hazards, with outreach to communities. 
I 8 National and local risk assessments take account of regional / trans boundary risks, with a view to regional cooperation on risk reduction. 
 
PRIORITY 3:  
Use knowledge, innovation, and education to build a culture of safety and resilience at all levels 
I 9 Relevant information on disasters is available and accessible at all levels, to all stakeholders (through networks, development of 
information sharing systems etc.) 
I 10 School curricula, education material and relevant trainings include disaster risk reduction and recovery concepts and practices. 
I 11 Research methods and tools for multi-risk assessments and cost benefit analysis are developed and strengthened. 
I 12 Countrywide public awareness strategy exists to stimulate a culture of disaster resilience, with outreach to urban and rural communities. 
 
PRIORITY 4: 
Reduce the underlying risk factors 
I 13 Disaster risk reduction is an integral objective of environment related policies and plans, including for land use natural resource 
management and adaptation to climate change. 
I 14 Social development policies and plans are being implemented to reduce the vulnerability of populations most at risk. 
I 15 Economic and productive sectorial policies and plans have been implemented to reduce the vulnerability of economic activities 
I 16 Planning and management of human settlements incorporate disaster risk reduction components, including enforcement of building 
codes. 
I 17 Disaster risk reduction measures are integrated into post disaster recovery and rehabilitation processes 
I 18 Procedures are in place to assess the disaster risk impacts of major development projects, especially infrastructure.  
 
PRIORITY5: 
Strengthen disaster preparedness for effective response at all levels 
I 19 Strong policy, technical and institutional capacities and mechanisms for disaster risk management, with a disaster risk reduction 
perspective are in place. 
I 20 Disaster preparedness plans and contingency plans are in place at all administrative levels, and regular training drills and rehearsals are 
held to test and develop disaster response programs. 
I 21 Financial reserves and contingency mechanisms are in place to support effective response and recovery when required. 
I 22 Procedures are in place to exchange relevant information during hazard events and disasters, and to undertake post-event reviews 
 
 
The expiration of Hyogo and its ten-year plan prompted a new framework known as Sendai Framework. This 
framework is the evolved version of the HFA and is meant to replace HFA in coming years. The Sendai Framework 
was a product of the Third World Conference on Disaster Risk Reduction in Sendai, Japan (2015) [17].  Even 
though the HFA was widely credited as raising awareness for disaster risk reduction, a significant loss of lives was 
recorded during the 10-year span of its implementation. Consequently, the Sendai framework stresses on the 
significance of risk assessment and early warning systems. The UN have set a plan to define the risk bases and to 
embrace new indicators in order to quantify the resilience improvement made by the participating countries. This is 
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anticipated to be discussed at another session in 2017 [18]. The new framework outlines the following four priorities 
for action: 
x Understanding disaster risk; 
x Strengthening disaster risk governance to manage disaster risk; 
x Investing in disaster risk reduction for resilience; 
x Enhancing disaster preparedness for effective response and to "Build Back Better" in recovery, rehabilitation 
and reconstruction. 
Table 3. The questions that are asked by the UN to assess the first indicator [16]. 
Indicator 1 
National policy and legal framework for disaster risk reduction exists with decentralized 
responsibilities and capacities at all levels. 
Answer type 
Questions 
-Is disaster risk taken into account in public investment and planning decisions?  YES/NO 
-National development plan  YES/NO 
-Sector strategies and plans  YES/NO 
-Climate change policy and strategy  YES/NO 
-Poverty reduction strategy papers  YES/NO 
-CCA/ UNDAF (Common Country Assessment/ UN Development Assistance Framework)  YES/NO 
-Civil defense policy, strategy and contingency planning YES/NO 
-Have legislative and/or regulatory provisions been made for managing disaster risk?  YES/NO 
-Description Write text 
-Context & Constraints Write text 
Level of progress achieved: (1-5) 
1.2. The World Risk Report (WRR) 
The World Risk Report is a work performed by the United Nations University for Environment and Human 
Security (UNU-EHS), and published by the relief organizations in the Alliance Development Works [19]. The report 
adopts different measures in order to rank the countries around the world according to their vulnerability, exposure, 
and risk levels. In this study, we use the exposure results of the WRR in the resilience assessment. Fig. 2 reveals the 
10 most exposed countries around the world. In that figure, exposure percentage is merely the proportion of people 
that are exposed to disasters.  
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Fig. 2. The ten most exposed countries according to the WRR [19]. 
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2. The methodology: resilience assessment of communities 
As we mentioned earlier, the primary goal of this research is to provide a normalized index that enables us to 
compare the resilience among different nations. The framework we follow in this work is illustrated in Fig. 3. In the 
figure, the intrinsic resilience represents the interior characteristics of a system. It is therefore independent of any 
external agents. Comparing communities based only on their intrinsic resilience is not very useful because the level 
of exposure faced by each country is different. Countries with minimal exposure levels may find it uneconomic to 
prepare for infrequent disasters. As an example, coastal areas are normally exposed to tsunami and they must have a 
well-defined strategy to face this kind of events. Such strategies adopted in coastal areas may not be suitable for 
internal areas, where the likelihood of occurrence of tsunami is nearly zero. Nevertheless, one cannot say that 
coastal regions are less dangerous in times of tsunami simply because they are prepared for it. For this reason, we 
combine intrinsic resilience with exposure and hazard in order to get a comparable resilience index.  
 
The intrinsic resilience can be obtained from a wide range of sources. In the present work, we choose the data of 
Hyogo Framework for Action (HFA) as a source to compute the intrinsic resilience. On the other hand, exposure is 
obtained from the World Risk Report (WRR), while hazard is obtained from previous data on hazards, and 
expressed in terms of probability of occurrence. 
 
Fig. 3. The proposed framework. 
2.1. The resilience index ( R ) 
The resilience index refers to the ability of a community to recover and attain its original functional state [20]. 
This index can be calculated with the following equation: 
       1 (1 )iR R E H   u u   (1) 
where R represents the resilience index, iR  is the intrinsic resilience index, E  is the exposure to natural 
disasters, and H contains information about the hazard. 
2.2. The intrinsic resilience index ( iR ) 
The intrinsic resilience index ( iR ) is obtained using the data of the UN report (HFA). As already indicated, the 
22 indicators in HFA are equally weighted, and this implies that all indicators have the same level of importance. 
However, it has been found that the indicators vary in importance, and therefore they must be weighted in a specific 
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way in order to successfully aggregate them into one scalar number. To do that, we propose a new method, referred 
to as the Dependence Tree Analysis (DTA). This method captures the correlation between a component and its sub-
components in a quantitative manner. DTA enables computing the effect caused by the non-fulfillment of one sub-
component on the underlying component. The value ‘1’ is the highest output that can be obtained by the main 
component, and this value can only be achieved once all sub-components are fulfilled. The failure to fulfill any of 
the sub-components leads to a final output that is not up to ‘1’. The next section has a detailed description on how to 
build the Dependence Tree and execute the necessary computations. 
2.2.1. Building the dependence tree 
Building the Dependence Tree begins with the identification of all possible potential components that are capable 
of influencing the main output. The most common way to do this is by brainstorming or relating to lessons learned. 
The types of components that exist are: the main or the underlying component, the intermediate component, and the 
basic component. The task required to get out of a system is known as the main component, and this component is 
located on the top of the tree. The essential components required for the successful achievement of the main 
component are known as the intermediate components, while the primary or basic components refer to those that 
cannot be further split into sub-components. 
 
Fig. 4 illustrates an example of a dependence tree diagram whose top component is to achieve a high level of 
resilience for a building. First, Resilience is divided into two components: Recovery Capacity and Preparedness. A 
building is said to have a high level of preparedness if it has successfully undergone a risk assessment, is designed 
efficiently, and is redundant. It is also possible to further split each of the aforementioned components into sub-
elements. For instance, the design efficiency of the building can be achieved if we possess a computing machine and 
data on previous earthquakes (e.g. response spectrum). However, the availability of a computing machine and 
earthquake data is not enough, as the process requires the presence of an engineer for the practical usage of those 
tools. In this case, the component ‘engineer’ is placed as a basic component under each of the two intermediate 
components. It is worth mentioning that the level of accuracy that is sought is another factor that can determine the 
decomposition of the tree. It is important to note that the non-accomplishment of one of the intermediate 
components does not eliminate the accomplishment of the top event. That is, if the two intermediate components 
‘Preparedness’ and ‘Recovery’ are just partly accomplished, the main component ‘Resilience’ will also be partly 
accomplished. 
 
Fig. 4. A dependence tree diagram of a building whose top component is to achieve a high level of resilience. 
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2.2.2. Quantitative analysis 
The Dependence Tree Analysis (DTA) is governed by a basic mathematical equation, just like the Fault Tree 
Analysis (FTA). The accomplishment of a component depends on not only the accomplishment of its subsequent 
components, but also on the component itself. For this reason, we introduce the term ‘Existence’, which represents 
the internal characteristics of a component. This term can take the values ‘zero’ or ‘one’. A value of ‘zero’ implies 
that the component cannot be accomplished, disregarding the accomplishment of its sub-components. In contrast, a 
value of ‘one’ means that the component’s accomplishment is strictly dependent on the accomplishment of its sub-
components.  
 
The relationship between a component and its subsequent components is given in Equation (2). In that equation, 
the parameter A  represents the accomplishment factor of a component, E  represents the existence coefficient of 
the underlying component, i  represents the component number, k  is the number of subsequent components under 
the main component i .  
 
,1 ,2 ,( ) 0 1i i i ki i
A A A
A E
k
   u  o  (2) 
The formulation of Equation (2) is based on the following: 
x The value of ‘Existence’ is either zero or one, 0 or 1E   
x The individual contributions made by all subsequent components towards the underlying component are 
equal. 
x Basic components are described by their ‘Existence’ term only, i iA E  
2.2.3. Sensitivity analysis 
After filling out the tree, a sensitivity analysis is conducted to find out the percentile contribution made by each 
component towards the main (top) component. The existence coefficient is set to zero (E=0) for each intermediate 
and basic component once at a time while keeping the existence coefficients of all other components equal to one. 
Equation (2) is used to compute the accomplishment of the top component whenever the Existence of a component 
is set to zero. The component is said to be significant if the accomplishment of the top component tends to approach 
zero. 
2.2.4. Weighting factor 
The execution of the sensitivity analysis enables classifying the components starting from the most to the least 
important. A weighting factor for every component (i.e. indicator) of the HFA is subsequently calculated using 
Equation (3). In this equation, the weighting factor uses the results of the sensitivity analysis that we conducted in 
the previous step. 
 
1 2
1
1 1
(1 ,1 , ,1 )
(1 )
i i
i j
j
n
n
I I
W j
avg I I I
I
 
      ¦
 (3) 
Where iW  is for the weighting factor of component i , iI  represents the impact value of component i ; that is the 
accomplishment value of the top component when the ‘Existence’ of a component i  is set to zero, j  is the total 
number of the components (in HFA 22j   indicators). 
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3. The case study 
In this section, the methodology that was formerly introduced is applied to selected countries that took part in the 
Hyogo Framework evaluation project. The chosen countries are 37 in total, and they were selected randomly from 
all five continents. The applicative example is divided in two parts: in the first, we evaluate the intrinsic resilience 
index iR , while in the second we compute the resilience index R for each of the countries. 
3.1. Computing the intrinsic resilience index ( iR ) 
3.1.1. Data source: Hyogo Framework for Action (HFA).  
In Table 4, we list the indicators scores of the various countries as presented in the HFA reports. The latest 
reports to date were used to fill the scores. The indicators’ scores of each country were summed up into a single total 
score (out of 110 points). This score was also presented in a percent (%) form, where 100 indicates a maximum 
score of 5 in all indicators. The final set of total scores act as a data source for our methodology. 
Table 4. Indicators scores for the analysed countries. 
Indicators 
 
Countries 
I
1 
I
2 
I
3 
I
4 
I
5 
I
6 
I
7 
I
8 
I
9 
I 
10 
I 
11 
I 
12 
I 
13 
I 
14 
I 
15 
I 
16 
I 
17 
I 
18 
I 
19 
I 
20 
I 
21 
I 
22 
Tot 
(per 
110) 
Tot 
(%) 
1-Fiji 5 4 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 109 99.1 
2-Costa Rica 5 4 4 5 3 4 5 4 4 4 5 4 4 4 3 5 5 5 5 5 5 5 97 88.2 
3-Singapore 5 5 5 2 5 5 5 5 5 5 5 5 2 5 5 4 1 1 5 5 4 5 94 85.5 
4-Japan 5 4 4 5 4 4 4 4 5 4 3 5 4 4 4 4 4 5 5 4 4 4 93 84.5 
5-UAE 5 4 5 4 4 4 3 3 3 4 4 5 5 5 5 5 5 5 4 4 3 4 93 84.5 
6-Austria 4 5 5 3 4 4 5 5 4 4 3 4 4 4 4 4 4 5 5 4 4 4 92 83.6 
7-UK 4 4 5 4 4 4 5 4 4 4 4 4 4 4 4 4 4 4 4 4 4 5 91 82.7 
8-Greece 4 4 4 4 4 4 5 4 4 4 4 4 4 4 4 5 4 4 4 4 4 4 90 81.8 
9-Australia 4 4 4 4 4 4 5 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 89 80.9 
10-Italy 2 4 4 4 4 4 5 4 5 4 4 4 4 3 3 3 5 4 5 5 4 4 88 80.0 
11-Cameroon 4 4 4 5 4 4 4 4 4 4 4 4 4 3 4 4 4 4 4 3 4 4 87 79.1 
12-New Zealand 4 4 4 3 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 87 79.1 
13-Germany 5 4 4 4 4 4 4 4 4 3 4 4 4 5 3 4 3 3 4 4 4 4 86 78.2 
14-Nigeria 4 4 2 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 86 78.2 
15-Canada 4 4 5 4 3 4 4 4 4 3 3 4 3 3 4 4 5 4 5 5 3 3 85 77.3 
16-France 4 4 4 4 3 4 5 4 4 3 3 3 4 4 3 4 4 3 4 3 5 5 84 76.4 
17-Ecuador 4 4 4 4 3 4 3 4 4 4 4 4 4 4 4 4 4 3 4 4 3 4 84 76.4 
18-Ethiopia 4 3 4 4 4 4 4 4 4 4 4 4 4 4 3 3 3 4 4 4 4 4 84 76.4 
19-USA 4 4 4 3 4 4 4 4 3 4 4 4 3 3 3 4 4 4 4 4 4 4 83 75.5 
20-Chile 4 3 3 4 4 3 4 3 4 4 2 4 3 4 4 4 4 4 4 4 5 4 82 74.5 
21-Ghana 4 2 2 4 4 4 4 4 5 1 4 4 4 4 3 3 4 4 4 4 4 4 80 72.7 
22-Argentina 3 3 4 4 4 3 4 4 3 3 3 4 3 3 3 4 4 4 4 4 2 4 77 70.0 
23-South Africa 4 4 4 4 3 3 3 3 3 3 3 3 4 3 3 3 4 4 3 4 4 4 76 69.1 
24-Cook Island 4 3 4 4 3 4 4 4 3 3 3 4 4 3 3 3 4 3 4 3 3 3 76 69.1 
25-Pakistan 4 4 4 4 3 3 3 4 3 3 3 3 3 3 3 3 4 3 3 4 4 3 74 67.3 
26-Brazil 4 3 4 3 4 5 1 2 4 2 2 3 3 5 3 4 4 3 3 4 3 4 73 66.4 
27-Egypt 4 2 4 4 4 3 3 3 3 3 2 4 4 3 4 3 3 3 4 4 3 3 73 66.4 
28-Iran 4 3 4 4 3 3 2 2 3 4 3 3 3 3 3 4 3 3 4 3 4 3 71 64.5 
29-Qatar 3 4 3 3 4 3 3 3 3 2 3 3 4 3 3 3 3 3 4 3 3 3 69 62.7 
30-Samua 4 3 3 4 4 2 3 4 3 3 3 4 4 3 3 2 2 1 4 3 3 3 68 61.8 
31-Thailand 4 2 4 4 2 2 4 3 3 3 2 4 3 4 2 3 2 3 4 4 4 2 68 61.8 
32-Madagascar 4 3 4 4 4 2 2 2 4 5 4 2 2 1 2 2 4 2 4 4 2 4 67 60.9 
33-Mexico 4 3 3 4 2 3 4 3 3 2 3 2 3 3 3 2 3 3 3 2 4 3 65 59.1 
34-Morocco 2 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 1 1 3 3 61 55.5 
35-Palestine 3 2 3 4 3 2 4 4 4 3 2 4 3 2 1 2 2 2 3 3 1 2 59 53.6 
36-Monaco 3 2 1 3 3 1 3 3 4 4 1 2 3 1 1 1 1 1 3 4 1 1 47 42.7 
37-Armenia 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 44 40.0 
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3.1.2. The methodology: the Dependence Tree Analysis (DTA) 
At this stage, the Dependence Tree Analysis (DTA) is used to weight the indicators shown in Table 2. Fig. 5 
shows the final form of the dependence tree, in which all components (indicators) were arranged according to their 
logical relationship with other components.  
 
Fig. 5. The dependence tree of the indicators of the Hyogo Framework. 
3.1.3. Output: the intrinsic resilience index ( iR ) 
A new list of scores is generated by executing a quantitative analysis followed by a sensitivity analysis using 
Equations (2) and (3). The results of the impact and weighting factors of the 22 indicators are shown in Table 5. We 
can clearly notice significant changes in the weights of the indicators. Most of the indicators obtained a weighting 
factor that is less than 1, which implies that they had a reduction in their importance. Only few had their importance 
increased. For instance, indicator 2 (I-2) recorded the highest weighting factor ‘5.70’, which implies that it is now 
5.7 times more significant than what it used to be in the HFA. In fact, this indicator ‘Dedicated and adequate 
resources are available to implement disaster risk reduction plans and activities at all administrative levels’ is a 
financial indicator, and almost all other indicators were dependent on it in the DTA (Fig. 5). Generally, financial 
indicators are very important because resources are necessary for the accomplishment of any task, and this justifies 
the high weighting factor obtained by that indicator. 
Table 5. The weighting factors of the indicators. 
Indicator Impact 
factor 
Weighting 
factor Wi 
Indicator Impact 
factor 
Weighting 
factor Wi 
Indicator Impact 
factor 
Weighting 
factor Wi 
I-1 0.45 3.90 I-9 0.341 4.74 I-17 0.90 0.72 
I-2 0.21 5.70 I-10 0.983 0.12 I-18 0.90 0.72 
I-3 0.95 0.36 I-11 0.95 0.36 I-19 0.90 0.72 
I-4 0.86 0.96 I-12 0.98 0.14 I-20 0.90 0.72 
I-5 0.9 0.72 I-13 0.90 0.72 I-21 0.90 0.72 
I-6 0.91 0.60 I-14 0.90 0.72 I-22 0.90 0.72 
I-7 0.95 0.36 I-15 0.90 0.72    
I-8 0.975 0.18 I-16 0.90 0.72    
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The weighting factors shown in the table above are multiplied by its corresponding indicator’s score recorded in 
the Hyogo Framework (Table 4). The new 22 indicators’ scores are subsequently summed up into a total score (out 
of 110 points). This score represents the modified intrinsic resilience. A comparison between the unmodified 
intrinsic resilience (from HFA) and the modified intrinsic resilience (after applying the DTA) is shown in Fig. 6(a). 
From the figure, we can observe some changes in the intrinsic resilience scores of the countries. These changes are 
attributed to the new weights that were assigned to the indicators. Fig. 6(b) shows a graphical representation of the 
intrinsic resilience difference for each country before and after the modification. We can see that some countries 
have recorded a significant increase in their intrinsic resilience while others indicated a decrease. The country that 
was considerably affected is Monaco, which recorded a 20% decrease in its intrinsic resilience.  Only a few number 
of countries have witnessed no change.  
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Fig. 6. (a) resilience scores before and after modification, (b) percentage difference of the resilience scores before and after modification. 
The intrinsic resilience rankings of the countries prior and after modification are shown in Table 6. From the 
table, we can easily observe the changes recorded by most of the countries. It is worth mentioning that the new 
ranking is more representative. For instance, Japan is widely known for its high preparedness level against natural 
disasters. The HFA ranking system placed Japan in the 5th position, behind each of Fiji, Costa Rica, Singapore, and 
UAE. However, Japan was able to attain the 2nd position after using the Dependence Tree method. Japan’s new 
position is obviously more meaningful. Similarly, the position of Germany moved from 13th to 6th place. This 
confirms that weighting the indicators of Hyogo framework is more effective at describing the resilience of the 
nations. Nevertheless, Fiji achieved the first position in the resilience ranking, which is an unexpected outcome. This 
996   Omar Kammouh et al. /  Procedia Engineering  198 ( 2017 )  985 – 998 
can be attributed to several reasons, such as the subjectivity in filling the HFA reports in the first place. In addition, 
the DTA method was ineffective in changing the rank of Fiji. The reason is that Fiji has initially achieved a score of 
109 out of 110 in the HFA evaluation (Table 4), which implies that whatever weighting strategy was adopted, it 
would still be ineffective.  
Table 6. The ranking of the countries before and after scores modification. 
Country 
Rank 
before 
Rank 
After 
Country 
Rank 
before 
Rank 
After 
Country 
Rank 
before 
Rank 
After 
Fiji 1 1 Nigeria 14 12 Brazil 26 22 
Costa Rica 2 4 Canada 15 15 Egypt 27 28 
Singapore 3 3 France 16 16 Iran 28 27 
UAE 4 7 Ecuador 17 18 Qatar 29 30 
Japan 5 2 Ethiopia 18 20 Samoa 30 31 
Austria 6 5 USA 19 21 Thailand 31 33 
UK 7 8 Chile 20 19 Madagascar 32 26 
Greece 8 9 Ghana 21 14 Mexico 33 32 
Australia 9 10 Argentina 22 29 Morocco 34 35 
Italy 10 17 South Africa 23 23 Palestine 35 34 
Cameroon 11 11 Cook Island 24 25 Monaco 36 36 
New Zealand 12 13 Pakistan 25 24 Armenia 37 37 
Germany 13 6       
3.2. Computing the resilience index ( R ) 
In this framework, the last step is to obtain the resilience index ( R ). As already indicated, the resilience index is 
the combination between intrinsic resilience, exposure, and hazard. For the sake of this example, the hazard is 
assumed to be ‘1’ in an attempt to disregard its effect. Therefore, in this specific case study, the resilience index is a 
function of just the exposure and the intrinsic resilience. The table below shows the resilience results that we 
acquired in the preceding step, the exposure level of each of the analyzed states that we obtained from the World 
Risk Report, and the resilience index of every state, which was computed using Equation (1). The final resilience 
ranking of the states is presented in Fig. 7. We can see that the new ranking is significantly different from the 
intrinsic resilience’s ranking in Fig. 6(a) (black bars), and this supports the notion that the most prepared nations 
(having high intrinsic resilience) are not necessarily the most resilient to disasters. For instance, Japan was second in 
the modified intrinsic resilience ranking (Table 6) and then it went back to the 26th place in the resilience ranking, 
and this is because Japan is among the most exposed nations. 
Table 7. The intrinsic resilience index ( iR ), exposure ( E ), and resilience index ( R ) of each of the analysed countries. 
Country iR  E  R  Country iR  E  R  Country iR  E  R  
Fiji 98.2 27.71 0.99 New Zealand 79.18 15.44 0.96 Madagascar 67.57 16.03 0.94 
Japan 90.23 45.91 0.95 Ghana 78.8 14.48 0.96 Iran 66.33 10.19 0.96 
Singapore 89.03 7.82 0.99 Canada 78.58 10.25 0.97 Egypt 66.02 4.71 0.98 
Costa Rica 88.35 42.61 0.95 France 78.45 9.25 0.98 Argentina 65.7 9.55 0.96 
Austria 82.78 13.6 0.97 Italy 77.82 13.85 0.96 Qatar 63.65 30.3 0.89 
Germany 82.18 11.41 0.97 Ecuador 77.71 16.15 0.96 Mexico 63.2 13.84 0.95 
UAE 82.15 5.93 0.98 Chile 76.56 30.95 0.92 Thailand 62.59 13.7 0.95 
UK 81.31 11.6 0.97 Ethiopia 76.23 11.12 0.97 Palestine 57.62 6.41 0.97 
Greece 80.98 21.11 0.95 USA 75.45 12.25 0.96 Morocco 53.78 13.25 0.94 
Australia 80.33 15.05 0.97 Brazil 72.93 9.53 0.97 Monaco 52.07 9.25 0.95 
Cameroon 79.51 18.19 0.96 South Africa 69.09 12.08 0.96 Armenia 40 14.51 0.91 
Nigeria 79.35 12.06 0.97 Pakistan 68.68 21.11 0.93 
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Fig. 7. The resilience indexes of the analysed countries. 
4. Conclusions 
This paper presented a new analytical approach for calculating the resilience of nations and communities. The 
analytical formulation of resilience resembles the older risk evaluation method in many ways. In fact, there is just 
one difference between the two concepts. This difference lies in the parameters that are being considered. In the 
older risk evaluation method, risk is a function of vulnerability, exposure, and hazard, while in the evaluation of 
resilience, vulnerability is substituted with the intrinsic resilience of the country. In addition, a new methodology to 
compute the intrinsic resilience was introduced. The method is based on the data of Hyogo Framework for Action 
(HFA). As we mentioned earlier, one of the main issues of the HFA is that the indicators used in the intrinsic 
resilience assessment are weighted equally. It has been figured out that those indicators do not really make equal 
contribution towards the intrinsic resilience output. To solve this problem, we introduced the Dependence Tree 
Analysis (DTA). This method identifies the correlation between the indicators and the resilience in a quantitative 
manner, assigning new weights the indicators accordingly. The applicability of the presented methodology was 
tested on 37 countries by calculating their respective intrinsic resilience and resilience indexes.  
 
The analytical approach introduced in this study provides new ways through which the hazard can be understood. 
It enables us to have a proper estimation of how long it would take a system or a community to bounce back to its 
original and functional state. Future research will be oriented towards substituting the “Hyogo Framework for 
Action” with its successor “Sendai Framework” in the evaluation of resilience. This will lead to a better 
representation of the resilience of the countries given that the new UN framework is an enhanced version of the 
previous one. 
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